Influence lines for horizontally curved fixed-end beams of circular-arc plan by Moorman, Robert B.B. & Tate, Manford B.
THE UNIVERSITY OF 
MISSOURI BULLETIN 
ENGINEERING SERIES - - - - - - - NUMBER 35 
INFLUENCE LINES FOR 
HORIZONTALLY CURVED 
FIXED-END BEA1'.IS OF 
CIRCULAR-ARC PLAN 
ROBERT B. B. MOORMAN and 
MANFORD B. TATE 

INFLUENCE LINES FOR 
HORIZONTALLY CURVED 
FIXED-END BEAMS OF 
CIRCULAR-ARC PLAN 
by 
ROBERT B. B. MOORMAN 
Professor of Civil Engineering 
UNIVERSITY OF MISSOURI 
and 
MANFORD B. TA TE 
Assistant Professor of Civil Engineering 
UNIVERSITY OF MISSOURI 
The Second of a Series of Bulletins on Horizontally Curved Beams 
THE UNIVERSITY OF MISSOURI BULLETIN 
VOLUME 48, NUMBER 26 ENGINEERING SERIES NUMBER 35 
Entered as Second Class Matter , Jan. 2, 1914, at the Pos toffice a t Columbia, 
Missouri, under the Act of August 24 , 1912. I ssued three times monthly, October 
through May and two times monthly, June through September.-3000 
October 10, 1947 
COLLEGE OF ENGINEERING 
THE ENGINEERING EXPERIMENT STATION 
The Engineering Experiment Station was organized in 
1909 as a part of the College of Engineering. The staff of 
the Station includes all members of the Faculty of the 
College of Engineering, together with research assistants 
paid from the Station funds. 
The Station is primarily an engineering research insti-
tution engaged in the investigation of problems of general 
interest in the fundamentals of engineering, in the develop-
ment of engineering equipment and in the development of 
new industrial processes. 
The station desires particularly to co-operate with indus-
tries of Missouri in the solution of problems in the categories 
indicated above. For this purpose there is available not 
only the special equipment belonging to the Station but all 
of the equipment and facilities of the College of Engineer-
ing not in immediate use for class instruction. 
Inquiries regarding matters connected with the Station 
should be addressed to 
The Director, 
Engineering Experiment Station 
University of Missouri 
Columbia, Missouri 
CONTENTS 
Page 
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Notation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Derivations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Influence Lines . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Sample Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Uniform Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
Illustrative Example . • . . . . . . . . . . . . . . . . . . . . . • . . . . • • . . . . . . . . . . . 37 
No. 
1. 
2. 
LIST OF FIGURES 
Page 
7 Perspective View of Horizontally Curved Fixed-End Beam 
Left Half of Beam Showing Positive Directions of Mc, Tc 
and Ve ....................... .. ....................... . 8 
3. Line Diagram of Left Portion of Beam Showing u and v 
Distances ...•.•......................................... 8 
4. View of Right Half of Symmetrical Beam Showing Positive 
Directions of Mc, Tc and V c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
5. Line Diagram of Left Portion of Beam Showing Relations 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
Between a, 0 and 0 s • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 13 
Influence Line for Mc, Subtended Angle of 60° ......•...... 20 
Influence Line for Tc, Subtended Angle of 60° .... . ........ 21 
Influence Line for Ve, Subtended Angle of 60° .... . ........ 22 
Influence Line for Mc, Subtended Angle of 90° ............. 23 
Influence Line for Tc, Subtended Angle of 90° ............. 24 
Influence Line for Ve, Subtended Angle of 90° ............. 25 
Influence Line for Mc, Subtended Angle of 120° .....•...••. 26 
Influence Line for Tc, Subtended Angle of 120° .......... . . 27 
Influence Line for Ve, Subtended Angle of 120° ............ 28 
Influence Line for Mc, Subtended Angle of 150° ........... . 29 
Influence Line for Tc, Subtended Angle of 150° ........ . . . . 30 
Influence Line for V0 Subtended Angle of 150° ............ 31 
Influence Line for Mc, Subtended Angle of 180° . . . . . . . . . . . . 32 
Influence Line for Tc, Subtended Angle of 180° .......... . . 33 
Influence Line for Ve, Subtended Angle of 180° ............ 34 
Illustrative Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
LIST OF TABLES 
Top 
1. Tabulation of Ordinates to Influence Lines for Mc, Tc and V c 
for Subtended Angles of 60°, 90°, 120°, 150° and 180°, and 
q-Values of 1, 2, 5, 50, 100, and 300 ....................... 18 

INFLUENCE LINES FOR 
HORIZONTALLY CURVED 
FIXED-END BEAMS OF 
CIRCULAR-ARC PLAN 
INTRODUCTION 
In the design of horizontaHy curved beams it is very convenient 
to have available i;;ome quick means of analysis . Since, in structural 
engineering, the influence line is used to represent the variation of 
bending moment, shear, etc., in a strurture as a unit load moves 
across the structure, it would be expedient to have such data for 
horizontally curved beams. Gibson and Ritchie1 have presented some-
what similar values for be11ding moments and twisting moments a t 
the supports. 
A semi-graphioal. method of obtaining the bending moments and 
twisting moments along the axis of a beam of this type was presented 
in an earlier bulletin. 2 
PURPOSE 
The objects of this investigation are: El) to provide a means for 
computing the influence line ordinates for moments and shears in the 
case of horizontally curved fixed-end beams of circular-arc plan, (2) 
to present such influence lines for a series of beams, and (3) to study 
the effect of the elastic constants on the ordinates of the influence 
lines. 
1 "A Study of the Circular-Arc Bow-Girder" by A. H. Gibson and E. G. 
Ritchie, Constable and Co. Ltd. , London, 1914. 
2 "A Semi-Graphical Method of Analysis for Horizontally Curved Beams" 
by Robert B. B. Moorman. University of Missouri Engineering Experiment 
Station Bulletin No. 29, 1938. 
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SCOPE 
This investigation includes the derivation of the expressions for 
the ordinates of the influence lines for bending moment, twisting 
moment, and shear. Influence lines are drawn for the bending 
moment, twisting moment , and shear at the center for a 1wries of 
beams. This series includes beams whose arcs arc subtended by the 
angles C0 °, 90°, 120°, 150° , and 180°. For each arc the elastic 
constant8 of the beam, i.e., the ratio of stiffness in bending to stiffness 
in twisting, are made equal to 1, 2, 5, 50, 100, and 300. Only beams 
of constant cross section are treated herein. The data presented in 
this bulletin should not be applied to flanged sections but rather 
should be applied to beams of Rquare, rectangular or round cross 
section. The applicability depends on the absence of secondary 
effects when the beam is twisted. 
NOTATION 
The following notation is used: 
E modulus of elasticity in tension or compression. AsRumed 
to be th!' same in either tension or compression. 
I moment of inertia of a cross section of a curved beam about 
the centroidal axis parallel to the plane of the beam axis. 
EI flexural rigidity. 
G modulus of elasticity in shear. 
I{ torsion constant ; polar moment of inertia for a circular 
section. 
GI[ torsional rigidity. 
q ratio EI/ G](. 
"JIil bending moment . Its subscript indicates its location and 
the direction in which it acts. A positive moment produces 
compression in the upper fibers of the beam. 
T twisting moment. Its subscript indicates its location and 
the direction in which it acts. 
V vertical shear. Its subscript indicates its location. 
1t distance along tho tangent to a curved beam from the point 
of tangency to the intersection with a perpendicular pass-
ing through the center point. 
v perpendicular distance from the center point of a curved 
beam to the tang(•nt to the beam axis. 
w load per unit length of beam. 
W work. 
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a angle snch that (a-0 8 ) S]lans the distance from the 1cft 
support of a curved beam to the point of application of a 
load. 
/3 angle that spans the distance from the plane of symmetry 
of a cnrved beam to thr point under consideration in the 
casr of a uniformly loaded beam. 
0 
0., 
'P 
angle whieh the tangent to the left segment of a beam axis 
makes with the normal to the beam at a cut section (axis of 
symmetry or Y axis, when beam is cut at center). 
angle which the tangent to the beam axis at the left sn]lport 
makes with the axis of symmetry ( Y axis). 
angle which the tang(•n1 to the right segment of a beam 
axis makes with the axis of symmetry ( Y axis) . 
.ASSUl\'IPTI ONS 
The following assumptions are made: 
(A) That Hooke's law is valid. 
(B) That the angnlar deformations arc so small that sinrs and 
tangents may be taken as equal to the angles in radians. 
( C) That the angle of twist per unit length of beam varies 
as T/UIC. 
(D) That the angle of bending per unit length of beam varies 
as JJJ/EI. 
Fig. 1. Perspective View of Horizontally Curved Fixed-
End Beam. 
D ERIV A TIO NS 
Imagine the beam, shown in Fig. 1, cut along its plane of sym-
metry perpendicular 1o the plane of its axis. If the beam is load\'J 
unsymmetrically it is necessary, to again produce continuity, to apply 
a bending moml'nt, twisting moment, and shear at the ent, C, as 
shown in Fig. 2. The vositivc directions of the redundants arc 
also defined in this figure. 
8 I 
X M 
, 
I 
l 
Fig. 2. Left Half of Beam Showing Positive Directions 
of Mc,Tc and Ve. 
The equation for work, W, may be wl'itten in terms of these three 
redundants and the moments of the applied loads. Then by use of 
the Theorem of Least Work, to furnish the necessary conditions, three 
equations are obtained in which the three redundants occur. The 
expressions for the bending moment, twisting moment, and shear at 
the cut are obtained by simultaneously solving these equations. 
An outline of the solution for the expressions for bending moment, 
twisting moment, and shear at the center of the beam and the in-
tegration of the terms so indicated in these expressions are given in 
the following paragraphs. 
B 
Fig. 3. Line Diagram of Left Portion of Beam Showing 
u and v Distances. 
In order to express the bending and twisting moments, due to the 
shear V c, at any section in terms of the coordinates x and y, it is 
necessary to express the distances 1l and v (Fig. 3) in terms of x 
.and y. The distance 1l is measured from C to the section under con-
sideration along a. tangent at the section. The perpendicular from C 
to the tangent at the section is the distance v. 
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Figure 3 shows the port10n of tht beam between C and any section. 
It is seen that 
v=AC=AB-CB=DE-CB=x cos 0-y sin 0 
and 
u=AF=AD+DF=BE+DF=y cos 0+x sin 0. 
For beams having a circular-arc plan, the type treated rn this 
bulletin, it can be shown readily that since x = R cos 0 and y = 
R (1-sin 0), that 
v=y 
and 
u=x. 
The bending moment and twisting moment at any point along the 
left half of the axis of the beam may now be expressed as follows: 
ML= Mc sin 0 +Ven+ Tc cos 0 + M:r1, sin 0 + M11r, cos 0 
= Mc sin 0 + Ve (x sin 0 + y cos 0) + Tc cos 0 + Mx1, sin 0 
+ MvL cos 0 (l) 
or, for the circular-arc plan 
M1, = Mc sin 0 + V cX + Tc cos 0 + M .. L sin 0 + MvL cos 0 (l') 
and 
TL= - 1llc cos 0 - Vcv + Tc sin 0 - Ma·I, cos 0 + Mui, sin 0 
= - Mu cos 0 - Ve (x cos 0 - y sin 0)+ Tc sin 0 - M:rL cos 0 
+ M11L sin 0 (2) 
or, for the circular-arc plan 
TL= - Mc cos 0 - Vey+ Tc sin 0 - Mxr, cos 0 + MvL sin 0. (2') 
Figure 4 shows the right half of the beam with the positive direc-
tions of Mc, Tc , and V e indicated. To have continuity, the value of 
ill,, on the left half of the beam must be equal to the value on the 
right half. The values of Tc and Y c on the left half of the beam 
must be equal to those on the right half but of opposite sign. 
The bending moment, MR, and twisting moment, TR, for the right 
half of the beam obtained in a manner similar to equations (1) and 
(2), are: 
MR = Mc sin 'f - Veil - Tc cos 'f + M.rR sin 'f + MvR cos 'f 
= ],Jc sin 'f - Ve (x sin 'f + y cos <p)- Tc cos 'f + M:rR sin 'f 
+ MyR cos 'f (3) 
or, for the circular-arc plan 
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and 
Fig. 4. View of Right Half of Symmetrical Beam 
Showing Positive Directions of Mc, Tc and V c· 
JIJR = Mc sin 'f - Vex - Tc cos 'f + MrR sin <p + MuR cos 'f (3') 
1'1/. - 111c cos 'f + Vcv - T c sin 'f - Ma:R cos 'f + MyR sin 'f 
- Mc cos 'f + Ve (x cos 'f - y sin <p)- Tc sin 'f - 111rR cos 'f 
+ MyR sin 'f (4) 
or, for the circular-arc plan 
TR= - Mc cos 'f + Vey - Tc sin 'f - llf'-'R cos 'f + MuR sin <p.(4') 
Since the work of the vertical shear is negligible, it may be omitted 
from the expression for total work. The expression for total work, 
lV, may then be written 
.s M 2 d • T 2 d s M 2 d • T 2 d 
W = f2 :.._.!::__i + !2 -L-~ + p + 12 -__!i_Y_ • ( 5) 
0 2 EI O 2GK O 2EI O 2GK 
The following outline of the procedure used in solving for the 
rcdtrnda11ts (Mc, Tc, and Ve) is given with no attempt to show the 
dct;iiled mathematical operations. The detailed solutions have been 
published elsewherc.1 
Sinee there are three unknowns or redundants three conditions or 
equations are necessary in order to obtain an expression for each 
redundant. The necessary equations arc obtained by taking the 
partial derivative of the work, W, with respect to each of the re-
1 "A Semi-Graphical Method of Analysis for Horizontally Curved Beams," 
by Hobert B. B. Moorman, University of Missouri Engineering Experiment 
Station Bulletin No. 29, 1938. "Stresses in a Curved Beam Under Loads 
Normal to the Plane of Its Axis," by Robert B. B. Moorman, Iowa State 
College Engineering Experiment Station Bulletin No. 145, 1940. 
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dundants, Mc, 'I' r, and V c- Since the redundants mnst be such as 
to make the strain energy a minimum each partial deriva tive is set 
eqnal to zero. Thus three equations involving the three unknowns 
are obtained. 
Noting that, since the beam is symmetrical, <p=0, the terms per-
taining to the left segment of the beam are multiplied by the same 
factors as the similar terms pertaining to the right segment of the 
beam. 
After carrying out the indicated operations and combining certain 
terms the expressions for moments [eq. (1), (~), (3), and (4)1 may 
be substituted in the three partial deriYatives of the work. The 
resulting equations then may be solved simultaneously for 1J,1c, Tc, 
and V e. 
In many cases the expressions would not be readily integrabl e nnd 
it would be expedient to replace the process of integration by the 
process of finite summation. The final expressions are: 
and 
Ve= - {[·kB] [:i(M:cL-MxR)b+:i(MyL-MyR)e] 
- [:ie] [:i(MxL-M,,R)D+:i(MyL-MyR)B] l 
-:- {2 [:iB]2- 2 [:ie] [:i (xD+yB)] l 
Tc= - { [:iB] [:i(MxL-MxR)D+:i(MyL-MyR)B] 
(6) 
(7) 
- [:i(xD+yB)] [:i(MxL-MxR)b+:i(MyL-MyR)e]) 
in which, 
where 
-:- {2[:iB]2- 2[:ie] [:i(xD+yB)] l (8) 
b ( 1 1). 0 I-q.20 = EI - GK sm 0 cos = 2EI sm 
sin 2 0 cos2 0 I + q I - q 
c = ----pJT + GK= 2EI - 2EI cos 2 O 
cos2 0 sin 2 0 I + q I - q 
e = EI-+ GK = 2EI + 2EI cos 2 8 
D=xc+yb 
B=xb+ye 
EI 
q=aK· 
(9) 
(10) 
(11) 
(12) 
(13) 
In eq. (6), (7) and (8) tis is taken as a constant and since it ap-
pears in both the numerator and denominator of the expressions it 
would not appear in the final equations. 
Inasmuch as it is desired to compute the ordinates for influence 
lines for a series of horizontally curved beams of circular-arc plan 
eq. (6), (7), and (8) may be simplified as shown below. 
Since each beam is symmetrical it is necessary to use only one-half 
of it in evaluating the terms of eq. (6), (7) and (8). If only the 
left half of the beam is loaded (with the unit load used in influence 
line calculations) 111xR and MuR become zero and the above expres-
sions may be written 
(14) 
V __ (l:B) [l:MxLb +1:MyLe] - (l:e) [1:_!l{,,LD+1:MyLB] (l 5) 
c- 2(1:B) 2 -2(2;e) [2;(xD+yB)] 
and 
T =- (~~H1:MxL-P+l:M1,LB] - [1:(xD+yB)] [1:M;Lb+l:MyL e] (l 6) 
c 2(l:B) 2 -2(1:e)[1:(xD+yB)l . 
In the case of the analysis of beams of circular-arc plan the com-
putations are facilitated by the use of' integration rather than the 
process of finite summation. Equations (14), (15) and (16) are 
written in this new form as follows: 
Ve= -{(fBds )[f (M:cLb+MyLe)ds] 
0 0 
-(feds)[!; (MxLD +MuLB) ds ]} 
0 0 
+{2(f Eds r- 2({i eds)[ {i (xD+yB)ds ]} (15') 
and 
Tc= -{({iBd s) [1~(MxLD+MuLB)cls] 
-[~~ (xD+yB)ds] [f (il1xLb+MuL e)ds]} 
+{2({~Bds) 2 -2(~-~e ds) [1~( xD+yB)cls]} 
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(16') 
For convenience the above terms nn• inteµ;ratc<l sep;1rntrl_\·. For 
each beam trea ted E , 0, I, and J{_ are constant, or q = El / GI( = 
constant for any beam. 
y 
Fig. 5. Line Diagram of Left Portion of Beam Showing Relations 
Betweena, 0, and 0 ., 
Figure 5 shows a circular arc which has the same slrnpe as the 
beam axis. It can be seen that els= Nd0, .T = R ros 0, !/ = R(l-si11 0 ), 
M:r,,= -R (cos (t -cos a ) , and, AI,,,, = --H[( l -sin 0) -( 1- -sin a )] 
= -R (sin a - ,;in 0 ). l\Iaking these snbstitntions in the following 
integrations the separate terms m,1 y be wl'ittcn as 
14 
s s[ . 2 e 2 e] R es f 2 eds= J2 s;1 + ds = EI f _.'.'. (sin2 e + q cos2 e) de 
0 0 2 
R es 
[ 1 . +0+q. +q0] = EI - 2 cos 0 sm e 2 2 sm 0 cos e 2 _.'.'. 
2 
R[ l-q. l+q 1r] 
=EI - - 2-sm 0g,COS es+-2-(0s- 2) (1 7) 
11 J~[cos2 0 sin2 e ] R Je s 2 eds= 2 ~ + · GK ds = EI ·_.'.'. (cos2 0 + q sin2 0) de 
0 0 2 
R 0s 
[ 1 . +e q. e+qe] = E 1 2 sm e cos e 2 - 2 sm 0 cos 2- _.'.'. 
2 
= f 1[ 1 ; 2sin 0 s cos 0 s + 1 ! q_ ( es - ; ) ] (18) 
R2 0 s 
jzBds= f 2 (xb+ye)ds = 1nJ_.'.'. (cos2 e+qsin2 e-qsine) de 
0 0 2 
R2 0s 
=Rf 2 eds +E1f _.'.'. (- qsin0)de 
0 2 
_ R 2 [ 1 - q . l + q 1r 'j R2 [ ] e s -EI - 2- sm0scos0s+-2 - (es- 2) +EI qcos0 
R2 [ 1 - q . l + q 1r ] = ji] 2 --S1Il0sCOS0s+ 2 -- (0s- 2) + qcos es (19) 
f (xD+yB)ds =f (x 2 c+2xyb + y 2e)ds 
0 0 
R3 0s 
= E-,f "'._ ( q- 2qsin0 + qsin2 0 +cos2 0) de 
2 
d~ R3j/Js 
= R2; 2 eds + EI _.'.'. ( q - 2 qsin 0) d e 
0 2 
=R2~~ eds +0[ qe + 2qcos e J;s 
R3 [ 1 - q . l + 3 q 1r ] = EI - 2- smescose.+ 2qcos0s+ - 2- ( es- 2) (20) 
!~ J~[ (sin2 e cos2 e) 2 (MxLc+M11 Lb)ds = 2 -R (cose-cosa) EI + GK 
0 0 
-R(sina - sine)sinecose (E~- ak)]ds 
R2 es 
= - EI J [ qcos e - cosasin2 e - qcosacos2 e 
(X 
+ (1- q)sinasinecose ]de 
R2 [ • + 1 - q . 1 + q = - EI q sm e - 2 - cosasmecos 0 - - 2-- ecosa 
1- J e. 
+ - ~ sin a sin2 e 
(X 
R2 [ • • ( + 1 - q " ) = -EI q sme,-sma q - 2-cos-e , 
15 
!~ !~ [ ( 1 1 ) / (MxLb+M11 Le) ds= / -R(cose-cosa)sinecose EI- GK 
and 
-R ( sin a- sine )(co;;e + -s~n;; ) J ds 
R2 e,[ 
= - EI J - q sine - ( 1 - q) cos a sine cos 0 
a 
+ sin a cos2 e + q sin a sin 2 0] d e 
R2 [ 1 - q . 2 + 1 . . = -EI qcose- - 2-cosasm e 2smasmecose 
+ -~ sin (X + q sin (X ( - t sin e cos e + ~) J e. 
(X 
R2 [ 1-= -EI qcose,-cosa(q+~sin2 e, ) 
+ . (1 - q . 1 + q ) 1 + q . ] Slfl<X ~-- S111 e COS e -r' --- (J - - - a Sln a 2 s s 2 s 2 (22) 
16 
p (MxLD+MyLB)as = f [Mxdxc +yb) +MyL(xb+ye) ]as 
0 0 
= [ -R(cos 0 -cosa){R cos 0 (s1;8 + c~i~) 
+R ( 1- sin0) sin0cose(J1 - ak) f 
- R ( sin a - sin 0) R cos 0 sin 0 cos 0 ( ; I - G ~() 
+ R ( 1 - sin 0 ) ( c;? + s:;: ) f ] d s 
R3 0s 
= - jifl f [ q - q sin 0 - q cos a cos 0 - q sin a sin 0 + sin a 
a 
- (1- q)cosasin0cos0- (1- q)sinasin2 0 Jae 
R3[ + . + . + . = -El q0 qcos0- qcosasm0 qsmacos0 0sma 
1 - q . 2 + 1 + q . . 1 - q0 . - - 2- cosasm 0 - 2- smasm0cos0 - - 2- · sma 
R3[ . (l+q = -EI q(0s+cos0s) +sma 2 -0. +qcoss 
+ 1 ; q sin 0 s cos 0 s ) - cos a ( q + q sin 0 s + 1 ; q sin 2 0.) 
(23) 
The above terms may be conveniently set up in tabular form and 
evaluated for arbitrary values of alpha. The resulting quantities 
may then be combined in equations (14'), (15'), and (16') and the 
values of llf c, Tc, and V c determined for the assumed positions of the 
load. 
The ordinates to the influence lines were computed, in this mam1er, 
at the one-hventieth points, which were spaced equally along the 
arc of the beam axis for each beam of the series. Curves were plot-
ted for the extreme values of q and tabulated for all values of q used 
in the computations. 
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INFLUENCE LINES 
As stated previously ordinatC's to inflnencC' lines haYe been com-
puted for a series of beams and for certain q-values. The five beams 
in the series are a circular-arc plan, the arcs being subknded by 
angles of 60°, 90°, 120°, 150°, and 180° . The radius of the circle is 
taken as unity. The values shown for V are inder)cndent of the 
radius. To obtain values for moment and torsion for a beam of any 
other radius it is necessary to multiply the value shown by the giwn 
radius. 
The q-values used are 1, 2, 5, 50, 100, and 300. 
Curves showing the variation in M, T, and Vat the center of each 
beam for q-values of 1 and 300 are shown in Figs. 6 to 20 . Ordinates 
to the influence lines for all va lues of q are given in Table 1. For 
intermediate values of q it is possible to interpolate between the values 
shown and approximate closely the desired qt1a11tities. 
The curves indicate that as the ratio, q, increases, the ordinates 
decrease, with one exception, for Ill c, Tc, and V 0 . 
The exception mentioned above is in the case of Mc for the beam 
whose arc is subtended by an angle of 180° . For this case the value 
of Mc with the load at a given point is the same for all values of q. 
18 Table 1. Tabulation of Ordinates to Influence Lines for Mc, Tc, and Ve for Subtended 
Angles of 60 ° , 90 °, 120 °, 150° , and 180°, and q-Values of 1, 2, 5, 50, 100 and 300. 
q= I 2 5 
SUBTENDED UNIT LOAD Mc Tc Ve Mc Tc Ve Mc Tc Ve ANGLE AT a: 
63° 0 .00116 0000;0 0.006'H 0.00101 o.oooio OOOb8t 0 .00089 0.000'28 o.oob5'2 
66° 0.00470 0.0010& 0.02.6')4 0 .00441 0.0010b 0 .01/.1,1 o .oon, 0.00102 0.015'-8 
6'l" 0 .01076 0 .0011 3 o.o,889 0 .010;16 0 .00111 0 .0'j830 0 ,00884 0.0010; 0.05'-',8 
72• 0 .01940 0.00;26 0.10149 0 .0184b 0 .00'j22 0 .10070 o :01b'j8 0.00;11 0 09850 
60° 75· 0 .0}069 0 .00416 0,15;;6 0 .02941 0 .004'2'2 O.l'j14b 0 ;011,H 0 .00410 0 .14'!'!4 ,e,· 0.04470 000491 0 .1.1;11 0 .04,08 0 .00487 0 .112'10 0 .0'j')48 0,00475 0.209'-I, 
81 ° O.Obl4'j 0 ,0050''1 0.17'l20 0 .05'l5'j 0.004')') 0 .17840 0 .0551'1 0.00488 0 .17'-17 
e,4• 0.0<'1089 0 .004'l8 0.3501 I 0.01878 0.004i'5 0.}4'1'51 0 .01401., 0 .00418 Oj478b 
87° 0 ,10i08 0 .00218 0.41414 0 .10082 0.00171, 0.411<Ji 0 .09581 0.00111 0,42'j0 4 
90• 0 .11794 0 0.50000 o .125b4 0 0 . 50000 0 .120;2 0 0.50000 
4 '1.5" 0.00146 0 .00066 O.OOb';il 0.0012b o .ooob4 O.OOb'jO 0 .0009 'j 0.00058 0.0051(, 
~4 • 0 .00t>IO 0,001., 8 0.01564 0 .00540 0.002,1 0 .01497 0 .00418 OOO'lll o .01n1 
58 5• 0 .01417 0 .00473 0.05b61 0.0128b 0 .00460 0 .05H-1 0 .010')9 0.0042'- o.on;4 
63 ° o .01b'18 o.oonb 0.098;8 0 .02403 0.0070 8 0 .0907/:, 0 0201'} o ooi,t2 0.0'1'258 
,o· b7 .';i. o.041B 0 .00950 0 .1497q 0 .03')24 0 .009'j0 0 .14l'li 0 .03}8G. 0.00817 0 .14,1} 
72° 0.061',0 0 ,01100 0 . '2.0951 0 .05870 0 .01079 01016; 0 .0519} 0.0101&, 0.20181 
16 .7° 0 ,08111 0 .01111 0.1160; 0 .08258 0 .01109 O.'l.1431 0.014(,1 0.0101.1 0 .1.701~ 
&1. 0 ,11605 0 .00984 0.'4775 0 . 11093 0.00')11 o . ,4b53 0 .10'204 o.009;h 0.34,40 
85.5" 0.14919 0 , 00t>24 0.4'2199 o .14n4 0.00/:,17 0 .4'2'2'.,4- 0.1}41B 0.005'l8 0.410b'l 
90• 0,18b4b 0 0.50000 0.18090 0 0 .50000 0 .171'2.4 0 0. 50000 
; o· 0.00141 0.00114 0 .00~% 0.00120 O.OOIOb o .0051o2 0 .00081 0.0009 I 0.0048b 
41• O.OOb44 0 ,00411 0.01'38b 0 ,0054'5 0 .00}89 0 .01180 0 .0040') 0.00;11 0.0'lO'jl 
48" 0 .01571 0 ,00811 o .o,;4b 0.01;12 0 .00181 0 .05157 0 .0IO'!'j o .oob91 0,04721 
54. 0 .01999 0 .0111,8 O,O'l411 0.01(,80 0.01115 0.0')158 O.O'l.140 0 .010'! I 0 .085'-7 
120· 
&O" 0 .04'!11 0 . 01669 o .1 448t> o .045~b 0 .01'-07 0.14194 oown 0.0141.5 O.l1'jl'2. 
bb" 0.0754; 0 .01940 0 .104n o.o&,')81 0.01871 0.201')') O.Ob218 0.011;4 O.l'l47? 
1'2.· 0.10720 0.01991 0 . 21H,'l 0.1001,4 0 .019,'l 0 .1/o'lOl 0 .09151 0,01811 O.lbl'jb 
78" 014513 0 .01 744 0.14441, o.1nao 0,01703 0 .}4151 0 .1111.7 • 0.0lbO'l o.;n 'l 9 
84° 0 ,18908 0.01108 0.41121 O.l811b o.oroal, 0 .4202'2 0 .11041. o.01o;o; 0.41781 
qo• o.2;s1; 0 0 ,50000 o.1;075 0 0 .50000 0 .11912 0 0 50000 
11':i° 0 .00112 O,OOIE,8 0,00519 0.00089 0.0015' 0.00481 O.OOOb; 0,00111 o.oo,9a 
,o • 0.00,,2 0 .00bl6 0 .02168 0.00470 o.oo,b7 0 .010}0 0 .00;1'j 0.004(,b 0.01145 
F5° 0 .014bb 0 .01241 0,049'ii 0.012')8 0 .01153 0.04708 0 01105 0.0097' 0.041.00 
4';)" 0,01981 0.019~0 0 .08874 0,0'211; 0.01811 0.085;'J 0 .02404 0015H 0 .07847 
150° 
71.5• 0.05198 0 .02557 o .1;a1,1, 0.04814 O.O'l.4'20 0 .1,480 o .o4;% 0.0211b 0.111,so 
1,0• 0 ,08194 0.02'18'1 0.1')814 0.071'20 0 .01850 0.1'14}4 0 ,01177 0.015b, O.l8bl'j 
b1.') 0 0,11010 0 .0~08") o.16bo4 0.1144'1 0 .01.'l'-2 o.11o15a 0 ,10801 O.O'l.108 0.15541 
75• 0.11,1,57 0.0170'! O.Ho,1 0 .H.,029 o .01b!8 0.3''773 0 ,15;10 0, 024'2.8 0.}'240 
815° 0.11110 0.0111, 0 .41902 0 .21441 0 .01'-74 0.417b5 0.201.13 0 .0151? 0.41481 
90• 0 .28}11 0 0.50000 0.111.17 0 0 .50000 0.2b844 0 0.50000 
9• 0,00041 0.0022b 0.00451 0.00041 0.001')'1 0.00405 0.00041 0.00148 o.oo;n 
18 ° o.oonb o .ooan 0. 0191') o .oop.lo 0.00741 0.0115'1 o.oop" 0 .00584 0.014")3 
'2.7. o .01oab 0.01101, 0.04499 0.0108/o 0.01541, Cl.04'2'20 0.0108b 0.01154 o.onoa 
'"" 0 .0'25}0 O.O'l.b50 0,08146 O.O'l5W 0 .024b'2 o.01ab3 0.015;0 0 .020(,1 o.011b1 
180° 
45• 0,04830 o.o;s;a2 0.1;1;4 0.048}0 O.OHl'l O.l'lb')O 0 .04830 o .o:iab4 0 ,1187(, 
54• 0.08118 0,04117 0.1')078 0 .08118 0.0')%0 0. l8b'18 0.08118 0.0;489 0. 17803 b, • 0 .12412 0.04}7') O-'l.~')40 0.12471 0.041~1 0 .'25540 0.12412 o .onn 0.14808 
12.· 0 .17912 0,0'j8t>1 o.nn4 0.17')1'1 o.o;'-'l2 o.~,'l}b 0.17~1'1 o.onao o.;1(,s~ 
61 • 0.14400 0 ,024b7 0. 416}b 0 .14400 O.O'll74 0.414-77 0 .14400 0.02'207 0 .4118'5 
90• o.,,a, 1 0 0.50000 o.,1a; 1 0 0.50000 o.;1a, 1 0 0.50000 
N ote: Values shown are for points lying on the left half of a beam axis. At points 
of s ymmetry lying on the right half of a bea m axis values of Mc are the s ame as those 
given above. Values of T c and V c are numerically the same, but a re negative quantities. 
Table 1. (continued) 19 
q= 50 100 )00 
SUBTENDED UNIT LOAD M, Te Ve. Mc Tc Ve Mc Tc Ve ANGLE AT a: 
63° O.OOOJ'\ 0 .00017 0 .00415 0 00024 0.00012 000315 0 00017 0.00007 0.001':l& 
66° 0 .0017 I OIOOOM, 0.01814 0.0017'1 0.0005 I 0.01495 0 .001 ,,,.) 0.00034 0 ,0 II 21 
69° 0 .00473 0,00140 0.043,9 0.00409 0.00114 0.0')778 O.OOj'j'j 0.0008') 0.07111 
72• O.OO~B'l 0.002'.27 0,08051 0.00888 0 .001')1 0 ,07291 0 .0080') 0.0014') 0.0G.401 
60° 75· 0.017G,2 0,00~11 0 ,12917 o.01b2 2 0 ,00270 0.12040 0.01513 0,002'.22 0.11014 
73° 0.01817 0.0077b 0.18Bb5 o.01b51 0.00')'}4 0.17')79 0.01515 0.00285 0 .1(,H1 
51 ° 0.04111 0.00400 0.257')9 o.o4oob 0.003(,'j 0.14')']0 0.0')845 0.00319 0 ,14025 
e,4• o.o,cm O,OO')bO o .n , 51 0,057 I 0 0.00??"2 0 . ')1750 0.05n I 0 ,001')8 O.'j1047 
87° 0.08010 0.002,1 0.414b'l 0 .07775 0 ,0011 b 0.41114 0.07585 0.00197 0.40720 
90° 0.1045~ 0 0.50000 0,10110 0 0.70000 0.10015 0 0.50000 
49.:,'' o.ooon 0 .00027 0 .002.'l? 0.0002b 0.00011 0.00148 0.00012 0.0001 I 0,00154 
54• ,0.00200 0.00 II I 0,01411 0.00177 0.00088 0 .01107 0.001 b 2 0.000"''2 0.00')74 
58 'j 0 :0 .005')') 0.0024') O.O'lb34 0.00554 O.OO'l.Ob O.O'jl'jl 0.00522 o.001b1 0.02851 
6'l 0 0.01;1',i 0.00421 0.07085 0.01145 0,007/,,1 o.oG.555 0.01194 0.00,03 o.obon 
90° 
&7 'j. 0.01423 o .oolooo 0 . 11815 0.02,ib 0 .00532 0.11202 o.on5b o.oo4b5 0.105')1 
72• 1:0.03')81 0 ,00748 0 .17773 0.03858 0.00"80 0.17157 0,03770 o.oob12 o.1b545 
767" o.obo,4 0,00817 0.1.4801. 0.05890 0.00157 0.141.b'l 0.0578b 0 .00C.')1 0.1,121 
31 ° 0 .081.l'j 0.00755 0 .')270b 0.08451 0.00711 0.11,15 0.08,n o.oobL.7 0.,1,07 
875° 0 .117H 0.0050') 0.41205 o.115i.1 0.00481 0.41011 0.11440 0.0045b 0,40'183 
9 0° 0.15'j94 0 0 .50000 0.1511.0 0 0,50000 0.150~5 0 0.50000 
} b • 0 .00035 O,OOO'j4 0.00113 0.00031 0.0001.4 o.001b5 0,0001.~ 0.000lb 0.00127 
41 • 10 .002n 0,00l5'l 0 .01151 0.0011.3 0 .00111 0,00997 0.0011'1 0.000'!5 0.0081'~ 
4 8 ° 0.00745 0.001!,a 0.0,r77 0,00717 0.00')11 0.01~05 o.oo(.')8 0.002(.5 0.01G.87 
54· lo.01b8',i 0 ,00lo54 o .oi.477 0.01~41 0.00577 0.0C.10') O.OlblO 0 .00515 0.05314 
120· 
&o· O.O'jl58 O.OO')bO 0.11100 o.O'jO')b 0.00811 0.1olo7b omo54 0,00800 0.IOB5 
bb' 0.05'147 0.0ll1b 0.1104b 0.051(,') 0.011;1 O. lbbl') 0.0fll 5 o.01ob5 0,llo17b 
7"2° 0.08011 0.01,b'l 0.141')1 o.01no 0 .01184 0.2'j774 0.0765(, 0.01 221 0.13411 
7e,• 0,11488 0.01213 o.;2197 0.11 ;85 0.01114 0,')191(, 0 .11;14 0.011b7 0.31l.8'} 
84° I0.15b83 0.00858 0.40935 0.1557' 0.008'.l.7 0.4078b 0.154n 0.00801. 0.401.bl. 
90 ° 0 ,10581 0 0.50000 0.204b') 0 0.50000 0 .103') I 0 0,50000 
11.',i° 0.000}7 0.0004-1 0.00171 0.000}5 0.00030 0.00141 0.000}4 0,0001 'l 0.00118 
,O " 0 ,00180 0 .00105 0.0101 I 0,00'27'j 0.00170 0.00"114 0.00lloS 0.00144 0.00840 
?7'50 0.00')10 0 .00510 0.018')'j 0.008')b 0.00447 0.0111') 0.00887 0.00401 0.01588 
4')' 1,0.010')3 0.00933 O;Oloobb 0.01070 0 .00849 0.0581'} 0.01055 0.0018b 0.05(,50 
150° 
71.1,i° !0.03')(,1 o.014olo o.1ob1.4 0.0}9?1 0.01,0'! 0.10350 o.on11 0.011.,5 0,10144 
b0° 1,o.obb17 0.0181') O.lb547 O.Ob'j8') o .o,nlo 0. tlo170 0.ol.5(,1 0.01b51 0.1bob1 
67.')° 110.10157 0 ,01054 o:rnoo 0.10 If I 0.0l')lo1 0.1'\455 0.1001') 0.01901 o.1n·10 
75• :0.14581 0 .01')41 O.'jl8b~ 0. 145'jl o.01a7(, o.}lb8b 0.1449b 0.01817 0.}154') 
82 5• 110.19a91 0.01~14 0.40751 0.1')841 0.01280 o.4ob54 0.1')805 0.01154 0.40?81 
<)O' io.2bo51 0 0.50000 0.25'l'l5 0 0.50000 0.25'!5 lo 0 0.50000 
9 ' 10.00041 0.00049 0 .0014} 0.00041 0.000'19 0.00115 0 .0004-1 0.000;1 0.00111 
18 ° o.oonc. 0 .00'2bl 0.00')07 0 .00'jlb o.00111o 0.0084lo. O.OO'j1b 0.001.00 0.00801 
'.l.7. o.01oab O.QOb77 0.01.b'l7 o.01osb 0.001o15 0.01.588 0 .0IOBlo 0.005','! 0.01';,08 
3 t> 0 0.015,0 0,01170 0.05775 0.025;0 0.01184 o.05b1.4 0.015,0 0,011'.l.'.l. 0.0551b 
180° 
45• 10.04a30 0.01')47 0.1011.a 0.048')0 0.01847 0.10094 0.048}0 0.01"175 0.0')')"8 
54 ° 0 ,08118 0.01559 0,1'-17'3 0.08118 0.02458 o.15nt 0.08118 o.01,e5 O.l'j8b8 
b,' 0.1'2471 0.01~07 o.13;b1 0.12471 0.02817 0.2;104 0.11.471. 0.0'27'j '2. 0.1,090 
71. 0.17'111 0.027"4 o.,rbo~ o.1nn 0,01b~7 0.314')1 0.11':) 11 0.02b48 o., 1407 
Bl • 0.24400 0 .018'78 0.40bO? 0.14400 0.01841 0.40541, 0.'244-00 0.0181b 0.40501 
90• u.;1a,1 0 0.50000 o.~1831 0 0.50000 0 .3 ,a, 1 0 0.50000 
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Fig. 6. Influence Line for M0 , Subtended Angle of 60°. 
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Fig. 7. Influence Line for Tc• Subtended -Angle of 60 °. 
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Fig. 8. Influence Line for Ve, Subtended Angle of 60 °. 
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Fig. 9. Influence Line for M0 , Subtended Augle of 90 °. 
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Fig. 10. Influence Line for T c, Subtended Angle of 90 °. 
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Fig. 11. Influence Line for V c• Subtended Angle of 90 °. 
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Fig. 12. Influence Line for Mc, Subtended Angle of 120° . 
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Fig. 13. Influence Line for Tc, Subtended Angle of 120°. 
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Fig. 14. Influence Line for V 0 , Subtended Angle of 120 °. 
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Fig. 15. Influence Line for Mc, Subtended Angle of 150 °. 
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Fig. 16. Influence Line for Tc, Subtended Angle of 150 °. 
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Fig. 17. Influence Line for V c• Subtended Angle of 150 Q. 
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Fig. 18. Influence Line for Mc, Subtended Angle of 180°. 
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Fig. 19. Influence Line for T c, Subtended Angle of 180°. 
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Fig. 20. Influence Line for V c• Subtended Angle of 180°. 
35 
SAMPLE CJ\LCULA TIO NS 
In order to illustrate the proredure in whirh the computations were 
made, a complete set of calculations for J1l 0 , 1'0 , aml Vu for a beam 
loaded at a given point i;; shown here. 
If a unit load is placed at the quarter-point on a beam whose arc 
is subtended by an angle of 120° and q = 5, we have 
0 s= 30° = 0.52360 radians, 
sin 0, = 0.50000, 
C'OS (), = 0.86603, 
a= 60° = 1.0+720 radians, 
sin a= 0.86603, 
CC'S a= 0.50000. 
The computations arc made for R=l. Let El=1, since it occnrs in 
both the numerator and denominator of the expressions for M, T, 
and V. Then the expressions arc eYaluatcd as follows: 
/ ~ 1 - q . l + q( 1r) 2 cd s = - - - sm e cos e + --- e - -- = - 2 2 7 5 5 6 
O 2 s s 2 s2 . ' 
/ ~ 1 - q . 1 + q( 'Tr) 2 eds= - 2- -sm0sCOS 0s + - 2-- 0s-2 = - 4.00764, 
0 
!~ 1 - q l + q ( 1r) 2 Bds = - 2 sin08 COS0 8 + - 2 08 - 2 + q COS 08 = 0.32251, 
0 
/ ~ 1 - q . l +3 q ( 1r) 2 (xD+yB) ds= - 2- sm0scoses+2qcoses+ - 2- - es-2 
0 
= - 0.58334, 
f (M ,L c +MY Lb ) d s = q sin es - sin a ( q + 1 ; q cos2 es ) 
0 
( 1-q . l+q ) I+q +cosa -2 smescoses--2 es +-2 acosa=0.l 7871 
!~ ' 1- q 2 (M,Lb +MyLe) ds = q cos es- cos a ( q + - 2- 1:,in2 es) 
0 
+ sina(-1; qsin es coses +-1  q es)- 11 q a sin a =0.03024, 
f CU,LD + MyLB) d s = - 1[ q( es +coses) + sina( .!.__}_q_e s + qcos es 
0 ' 
+ 1 ; q :,in es cos 0 s) - cos a ( (j + q sin es + 1 ; q :,in 2 es) 
l - q ] - - 2- asina- q a = 0.14820. 
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Substituting the above values in equations (14'), (15'), and (16') 
the values of Jl,J c, Ve, and Tc are obtained as follows: 
Ve= -l[J
0
iBds][J
0
i (MxLb+MyLe)ds] 
-[J} eds ][J
0
i (MxLD+MyLB) ds Jf 
+J2[J
0
iBdsJ2-2[J
0
ieds][J
0
i (xD+yB)ds]f 
(0.32251) (0 .03024)- (-4.00764) (0.14820) 
= 2 (0.32251) 2-2 (-4.00764) (-0.58334) -
-0 .60368 
= -4.46760 = 0.13512, 
Tc= - l[J
0
i Bds] [J
0
i (MxLD +MyLB) ds] 
- [J/ (xD + yB)ds] [J
0
~ (MxLb +MyLe) ds Jf 
+ l2[JoiBds r- 2[Joi eds ][J} (xD+yB)ds Jf 
(0 .32251) (0.14820) - (-0 .58334) (0 .03024) 
= ------- -4.46760 
0 .06544 
= - -4.46760 = 0.01465. 
UNIFORM LOAD 
Expressions have been derived by Oesterblom1 for the case of the 
uniformly loaded horizontally curved beam. These expressions are 
given below with the notation changed to conform to the notation of 
this bulletin. 
1 "Bending and Torsion in Horizontally Curved Beams" by I. Oesterblom, 
Journal of the American Concrete Institute, May 1932. 
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Mc=w R 2 (U-1), 
M = u: W ( U cos ,8-1) , 
and 
T= -w R2 (U sin ,B-,8), 
where 
w = uniform load per unit of length of the beam, 
,8 = angle that spans the distance from the plane of 
symmetry of the beam to the point under con-
sideration, 
M = bending moment at section defined by ,8, 
T = twisting moment at section defined by ,8, 
and 
2 (q + l)cos0s·- 2g G- es)sine. 
U=----------------
( q + l ) G- 0 s) - ( q - l ) sin 0. cos 0 ." 
The terms Mc and R are the same as previously defined. 
ILLUSTRATIVE EXAMPLE 
To illustrate the use of the information given in this bulletin 
assume the beam in Fig. 21 to be loaded with 900 lb. per lin. ft . and 
a 2000 lb. concentrated load as shown. Further assume that the 
properties of the beam are such that q = 2. Other data are as follows: 
Then 
0s=30° =1r/ 6 
sin 0s = 0.500 
COS 08 = 0.866 
,8=60° =1r/ 3 (at support) 
sin ,8 = 0.866 
cos ,8 = 0.500. 
2(2+1)0.866- 2 x2(7.1:-7.1:) o.5oo 
U= 2 6 -=1.145. 
(2+1)G-~)-(2-1)0.500X0.866 
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w=9ooo/, 
1ii=3822'11 
'Q ",,•30418''\ 'l,•9137' 
Fig. 21. Illustrative Example. 
For the uniform load 
Mc=900 X 82 (1.145-1) =8350 ft.-lb. 
Tc=0 
Vc=0 
M,1 =900 X 82 (1.145 X 0.!'i00-1) =-24,624 ft.-lb . 
T,1 = --900 X 82 (1.145 X 0.866-1.047 ) =+319:3 ft.-lb. 
reaction R.1=7r/3 X 8 X 900=75-10 lb., 
and M.1=]1B, T .{ =TB and R,1 =RB. 
For the concentrated load' the angle subtended = 120° and a= 90° 
-24° = 66°. Then by using the influence ordinates from Table 1 
Mc= 0.06987 X 2000 X 8 = 1,118 ft.-lb . 
'l'c= -0.01877 X 2000 X 8= -300 ft .-lb. 
Ve= -0.20159 X 2000= -403 lb. 
Dy using equations (1'), (2'), (3') and (4'), the moments at the 
supports may be found as follows: 
M.1=1,118 X 0.500-403 X 6.928-300 X 0.866= 
-2,493 ft .-lb. 
T,1 =-1,118 X 0.8G6+403 X 4-300 X 0.500=+494 ft.-lb. 
]1B=l,118 X 0.500+403 X 6.928+300 X 0.866-7352 
X 0.500-6616 X 0.866= -5,794 ft.-lb. 
TB= -1,118 X 0.866-403 X 4+300 X 0.500+7352 
X 0.866-6616 X 0.500= +629 ft.-lb. 
1 Note that Table 1 gives influence line ordinates for loads on the left half 
of the beam. Due to symmetry of the circular-arc beam, a may be measured 
from the rig-ht and appropriate values of the influence ordinates obtained 
from Table L 
since x = 8 X 0.866 = 6.928 ft. 
y = 8 X 0.500=4 ft . 
M.rR = -2000 X 3.676 = -7:352 ft.-lb . 
MyR= -2000 X 3.308= - 6616 ft. -lb. 
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The reactions for the concentrated load are R.1 = 403 lb. and Rs 
= 1597 lb. 
The total moments a11d react ious can now be summarized as follows .: 
llf. ,1 = -27117 ft.-lb . 
T . .i = 36 87 ft.- lb. 
R,1 = 79-!3 lb. 
M 8 = -30418 ft.- lb. 
T 8 =38.22 ft .-lb. 
Rs=9l37 lb. 
The directions of these moments and reactions are shown in Fig. 21. 
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